Grafted young coffee trees were observed in a greenhouse to study the effect of different scions and rootstocks on plant growth. Four Coffea arabica L. genotypes were used as scions: the cultivars Catuaí Vermelho IAC 15 and Oeiras MG 6851, and the progenies H 419-10-3-1-5 and H 514-5-5-3. They were also used as nongrafted control plants. Four genotypes were used as rootstocks: 'Apoatã IAC 2258' (C. canephora), 'Conillon' (C. canephora), 'Emcapa 8141' (C. canephora), and 'Mundo Novo IAC 376-4' (C. arabica). 'Mundo Novo IAC 376-4' and 'Apoatã IAC 2258' were classified as good rootstocks, while 'Oeiras MG 6851' and "H 419-10-3-1-5" performed well as non-grafted plants. The diallel analysis statistical model was efficient to evaluate the general combination ability of the rootstocks and, therefore, recommended for rootstock selection procedures in breeding programs.
INTRODUCTION
The advantages of using the grafting method have been previously reported for arabica coffee tree (Coffea arabica L.). For instance, in the nematode (Meloidogyne incognita) infested areas, the use of resistant rootstocks has increased the development and yield of grafted plants, compared to non-grafted controls (Fazuoli et al., 1983) The raw coffee productivity of Mundo Novo cultivar grafted onto a Coffea canephora rootstock was reported to be 4.6 times higher than the non-grafted 'Mundo Novo' control, in a nematode infested area (Costa et al., 1991) . The nematode resistant rootstock cultivar Apoatã IAC 2258 (C. canephora) has been successfully recommended for arabica coffee commercial production in infested areas (Fazuoli et al., 2002) . Positive results of arabica coffee grafted plants have been also reported when the nematode was not a concern. For instance, higher canopy and height growth rates were observed in young arabica coffee plants grafted onto C. canephora plants than with non-grafted control (Fahl and Carelli, 1985) . Grafted plants presented significant increase of leaf area growth rates compared to the non-grafted controls, when Catimor progeny were grafted onto Caturra, Catuaí or Mundo Novo cultivars (Alves, 1986) . In a experiment involving arabica coffee scions and C. canephora and C. congensis roootstcks, grafted adult arabica coffee plants were about 30% Grafted young coffee tree growth in a greenhouse more productive than non-grafted controls in the absence of nematode infestation (Fahl et al., 1998) . In the grapevine, grafted plants show higher yield than non-grafted ones (Pauleto et al., 2001) , which may be due to the better root and canopy development of the grafted plants (Edwards, 1988) . Additionally, a high vigor variation among different grapevine rootstocks was observed, probably due to the differences in nutrient requirements, and water and nutrient absorption capacity (Iannini, 1984) .
Grafted young coffee plants were observed in a greenhouse to study the effect of different scions and rootstocks on plant growth.
MATERIAL AND METHODS
Sixteen different combinations of scions and rootstocks, and four non-grafted controls, were tested in this experiment. Four Coffea arabica L. genotypes were used as scions: the cultivars Catuaí Vermelho IAC 15 and Oeiras MG 6851, and the breeding progenies H 419-10-3-1-5 and H 514-5-5-3. They were also used as non-grafted control plants. All genotypes, but the first one, carried genes for resistance to Hemileia vastatrix Berk. et Br. Four genotypes were used as rootstocks: 'Apoatã IAC 2258' (C. canephora, resistant to Meloidogyne incognita), 'Conillon' (C. canephora collected in Muriaé, MG), 'Emcapa 8141' (C. canephora, also Crop Breeding and Applied Biotechnology, v. 2, n. 3, p. 425-430, 2002 called 'Robustão Capixaba'), and 'Mundo Novo IAC 376-4' (C. arabica). The grafting combinations were assigned as X/Y, where X was the scion, and Y was the rootstock.
Seeds from all genotypes were germinated in small boxes with sand, in the nursery, for 70 days. Then, the coffee scions were grafted onto the rootstock seedlings at the cotyledon stage, as described by Moraes and Franco (1973) . Grafted and non-grafted seedlings were transplanted to new boxes with sand and placed in a wet chamber for 12 days. The seedlings were then transferred to the nursery. After 15 days, uniform and vigorous seedlings were transplanted to three liter cylindrical plastic pots filled with sand (one seedling per pot). The pots were, then, transferred to the greenhouse with 50% sunlight reduction screen.
The nutrient solution circulating method, a hydroponics technique described by Martinez (1999) , was used. The sand used in the pots was previously treated with HCL for 24 hours, and washed several times to adjust the pH to 6. A modified Clark nutrient solution was used, containing: N 2 NO 3 5.7 mmol.l . Two liters of this nutrient solution were added to every other pot. The nutrient solution was then collected through a ½ inch diameter tube linked to a individual collector recipient. Twice a day, the nutrient solution collected in this recipient was manually replaced in the pot, after completing the volume to two liters with deionized water. The concentration of the nutrient solution was increased 1.5, 2.5, and 3.0 fold, after 30, 60, and 90 days. The pH was maintained at 5.5 ± 0.5 by daily adjustments with NaOH. The solution was replaced whenever the electric conductivity was 60% ± 10% from the initial one.
Data collection was performed 170 days after the experiment was set up in the greenhouse. Plant height and number of nodes were scored in the stem. Then, the plant was cut in three parts: root, stem, and leaves. Leaf area was measured with the Area meter Integrator, model 3100. Root volume and fresh weight were measured, after washing the root with water and drying on paper towels. Root total length was estimated by the line interception method (Tennant, 1975) , using a sub-sample of approximately 7% of the root fresh weight. The root surface was calculated according to Bohm (1979) , based on the root total length and the mean diameter.
The roots were dried at 70 o C with ventilation to estimate the root dry matter weight.
The randomized complete block design was used with 20 treatments (16 grafting combinations plus four non-grafted plants) and four replications. Contrasts with the Student's t test at 5% of probability were used to compare pairs of means, each pair formed by the grafting combination and its respective nongrafted control. The diallel analysis model was used to assess the general combining abilities of scions and rootstocks. Data was analyzed with the statistical program GENES (Cruz, 1997) .
RESULTS AND DISCUSSION

Comparisons of grafted plants and non-grafted controls
Plant height in the Catuaí 15/Apoatã and H 514-5-5-3/Mundo Novo combinations was significantly higher than their respective non-grafted plants in Catuaí 15 and H 514-5-5-3. The opposite was observed for the Oeiras/Apoatã, Oeiras/Conillon, Oeiras/Emcapa 8141, H 419-10-3-1-5/Conillon, H 419-10-3-1-5/ Emcapa 8141, H 514-5-5-3/Conillon, and H 514-5-5-3/Emcapa 8141 combinations (Table 1) . Fahl and Carelli (1985) reported that 'Mundo Novo LCM 376-4' (C. arabica) grafted onto the C. canephora genotype LCM 2258 showed higher plant height, compared to the control, which, according to them, could be due to physiological characteristics, such as better absorption or use of nutrient, and genetic characteristics.
The number of stem nodes was significantly smaller in the Catuaí 15/Conillon, Catuaí 15/Emcapa 8141, Oeiras/Emcapa 8141, and H 419-10-3-1-5/Emcapa 8141 combinations, than their respective non-grafted controls (Table 1 ). The lower number of stem nodes may delay the growth of lateral branches, which may cause yield reduction.
Compared to its respective non-grafted control, the progeny H 514-5-5-3 showed significant leaf area increase, when grafted onto Apoatã and Mundo Novo. The genotypes Oeiras, H 419-10-3-1-5, and H 514-5-5-3 showed decrease in leaf area, when grafted onto Conillon or Emcapa 8141. The same was observed in the genotypes Oeiras/Apoatã (Table 1 ). Significant increase in leaf area growth rate, compared to nongrafted controls, was previously found in "Catimor" grafted onto 'Catuaí', 'Mundo Novo', and 'Caturra' genotypes ( Alves, 1986) . Results showed that the greatest the leaf area, the greatest the plant capacity to produce and store photosynthesis products (Rena and Maestri, 1985) .
Root volume and root surface (Table 2 ) were greater for the combination H 514-5-5-3/Mundo Novo than for the H 514-5-5-3 non-grafted control. Some combinations showed no significant differences while others showed some advantages for the nongrafted control, specially when Conillon and Emcapa 8141 were used as rootstocks. On the other hand, the genotype Oeiras had a good root system, which explains its vigorous growth under field conditions. In previous reports, Alves (1986) and Aguilar (1987) observed an increase in root volume and root surface when they used 'Catimor' grafted onto 'Catuaí' and 'Mundo Novo'.
The H 514-5-5-3/Apoatã and H 514-5-5-3/Mundo Table 1 . Mean values for plant height (PH) , number of nodes (NN), and leaf area (LA) of the non-grafted control (NG) and grafted (GR) coffee genotypes in several combinations, in nutritive solution.
1/ significant at 5% probability, by t test; ns non-significant at 5% probability. Novo combinations showed higher root dry matter weight compared to their respective non-grafted controls. Some combinations showed no differences and others showed advantages for the non-grafted controls (Table 3) .
The canopy dry matter weight was higher for combinations H 514-5-5-3/Apoatã and H 514-5-5-3/Mundo Novo, compared to their respective controls. Some combinations showed no differences and others showed advantages for the non-grafted control. (Table 3 ).
The increase in canopy dry matter weight, under hydroponics conditions, may be associated to a better rootstock nutritional efficiency. For instance, the Mundo Novo cultivar was reported to be more efficient than the Catuaí for absorption of N (Correia et al., 1983) . In the grapevine, vigorous rootstocks showing efficient nutrient absorption produced more canopy dry matter (Albuquerque and Dechen, 2000) . Under field conditions, the root system is considered a very important yield factor. A extensive root system can exploit a greater volume of soil, resulting in better water and nutrients absorption , affecting yield (Ramos and Lima, 1980; Ramos et al., 1982; Fageria, 1998) .
General combining ability of scions and rootstocks
According to the diallel analysis, there were no significant differences among scions for general combining ability (GCA). But, differences in GCA were found among rootstocks for: plant height, number of nodes, leaf area, root volume, root surface, root dry matter weight, canopy dry matter weight, and total dry matter weight (Tables 4 and 5 ).
The positive value of GCA indicates the superior performance of the genotype. Apoatã and Mundo Novo rootstocks showed superior performance for all characteristics, compared to Conillon and Emcapa 8141 (Tables 4 and 5) . Similarly, previous contrast analysis showed that Mundo Novo and Apoatã were, in general, superior to Conillon and Emcapa 8141, confirming that the diallel analysis was efficient to evaluate the general combining ability of rootstocks.
CONCLUSIONS
The efficiency of the grafting technique depends not only on the rootstock, but also on the scion genotype.
Rootstocks 'Mundo Novo IAC 376-4' (C. arabica) and 'Apoatã IAC 2258' (C. canephora) had superior performance than 'Conillon' (C. canephora) and 'Emcapa 8141' (C. canephora).
The performance of the non-grafted genotypes 'Oeiras MG 6851' and "H 419-10-3-1-5" was not improved by grafting, indicating that they may have good root systems. Table 3 . Mean values for dry matter weight of the root (RW), canopy (CW) and total (TW) of the non-granfted control (NG) and grafted (GR) gennotypes in several combinations, in nutritive solution.
1/ significant at 5% probability, by t test; ns non-significant at 5% probablility. Crop Breeding and Applied Biotechnology, v. 2, n. 3, p. 425-430, 2002 The diallel analysis statistical model was efficient in evaluating the general combining ability of the rootstocks and, therefore, recommended for rootstock selection procedures in the breeding programs.
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RESUMO
1/1/ significant at 1% probability, by the F test; ns non-significant. Table 5 . General combining ability (GCA) of scions and rootstocks of coffee tree genotypes for root dry matter weight (RW), canopy dry matter weight (CW) total dry matter weight (TW), and the root dry matter weight/canopy dry matter weight ratio(RW/CW).
1/1/ -significant at 1% probability, by the F test; ns -nonsignificant. 
